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The study of a filament has increasing importance due to it may even account for elasticity of 
some microscopic objects, from carbon nanotubes to biomaterials. We derive the shape 
equations in terms of Euler angles for a uniform elastic rod. We find that due to the special 
requirements on the boundary conditions, a static slightly distorted helix cannot exist in this 
model except for some special cases. We study the elasticity and stability of a helical filament 
under different conditions. We show analytically that the extension of a helix may undergo a 
one-step sharp transition when using torque as independent variable. This agrees quantitatively 
with experimental observations for a stretched helix in a chemically defined lipid 
concentrate(CDLC). We predict that the extension of a twisted helix in CDLC may also 
undergo a one-step sharp transition. We show that there is no sharp transition for the extension 
of a helix when using supercoiling degree as an independent variable. We find that a negative 
twist tends to destabilize a helix. We derive the shape equations in terms of Euler angles for a 
closed uniform filament. We find that to form a circular shape for a filament with nonvanishing 
spontaneous twisting and anisotropic bending rigidity, it in general requires an external force. 
We study the possibility to form a nearly circular shape for a filament free of external force. 
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Jarzynski equality (JE) can be used to extract the free energy difference between two equilibrium 
states from the non-equilibrium work performed on the system in the process between these two 
states. We point out that the crucial condition in the derivation of the JE from the fluctuation 
theorem is that the time integral of the phase space contraction factor is exactly expressed as the 
entropy production resulting from the heat absorbed from the thermal bath by the thermal system. 
We suggest that for the system violating this condition, a more general form of JE may exist. This 
conjecture is supported by our computer simulation on a simple system. We expect that with the 
aid of the nanotechnology, one can justify our conjecture in experiment. 
 
Up to now, a clear picture of rigidity percolation in a system with non-central force is not yet 
available. This issue is also related to the phenomena of the floppy to rigidity transition in 
amorphous semiconductors. A vanishing shear modulus is the most important character of such 
a transition. However, a direct calculation of elastic constants for amorphous semiconductors is 
not yet available. We are using the equilibrium fluctuation formulae we derived in last plan to 
calculate directly the elastic constants of the amorphous semiconductors, such as GexSe1-x, and 
compare our results with experiments.  
 
二、研究目的、研究方法 
目的: To have a comprehensive understanding of the elastic properties of various materials, 
from amorphous semiconductors, carbon nanotubes to biomaterials such as DNA. To 
obtain a full picture for the floppy to rigidity transition. 
方法: Analytical approaches, computer simulations. 
三、主要結果與討論: 
1. We derive the shape equations in terms of Euler angles for a closed uniform filament. We find 
that to form a circular shape for a filament with nonvanishing spontaneous twisting and 
anisotropic bending rigidity, it in general requires an external force. We study the possibility 
to form a nearly circular shape for a filament free of external force and will compare our 
findings with the experimental observations.  
2. Jarzynski equality (JE) can be used to extract the free energy difference between two 
equilibrium states from the non-equilibrium work performed on the system in the process 
between these two states. The crucial condition in the derivation of the Jarzynski equality (JE) 
from the fluctuation theorem is that the time integral of the phase space contraction factor is 
exactly expressed as the entropy production resulting from the heat absorbed from the thermal 
bath by the thermal system. For the system violating this condition, a more general form of JE 
may exist. Our computer simulation on a simple system supports this conjecture. We expect 
that with the aid of the nanotechnology, one can justify our conjecture in experiment. 
3. We derive the shape equations in terms of Euler angles for a uniform elastic rod with isotropic 
bending rigidity and spontaneous curvatures, and under uniaxial force. We find that to form a 
helix, the Euler angle ψ must be a constant determined by the spontaneous curvatures. We 
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find that due to the special requirements on the boundary conditions, a static slightly distorted 
helix cannot exist in this model except for some special cases. We study the elasticity and 
stability of a helical filament under different conditions. We show analytically that the 
extension of a helix may undergo a one-step sharp transition when using torque as 
independent variable. This agrees quantitatively with experimental observations for a 
stretched helix in a chemically defined lipid concentrate. We predict further that the extension 
of a twisted helix in CDLC may also undergo a one-step sharp transition. But we find that 
there is no sharp transition for the extension of a helix when using supercoiling degree as an 
independent variable. We also find that a negative twist tends to destabilize a helix. 
4. A novel technique, gold nanoparticle-assisted single-drop microextraction (SDME) combined 
with atmospheric pressure matrix-assisted laser desorption/ionization mass spectrometry 
(AP-MALDI-MS) for the identification of peptides has been described. The SDME of 
peptides from aqueous solution was achieved using gold nanoparticles prepared in toluene as 
the acceptor phase. A simple phenomenon of isoelectric point (pI) of the peptides has been 
utilized successfully to extract the peptides into a single drop of nanogold in toluene. After 
extraction, a singledrop nano gold solution was directly spotted onto the target plate with an 
equal volume of matrix, ∝-cyanohydroxy cinnamic acid (∝-CHCA) and analyzed in 
AP-MALDI-MS. The parameters, such as solvent selection, extraction time, agitation rate, 
and pH effect, were optimized for the SDME technique. Using this technique, in aqueous 
solution, the lowest concentration detected for Met- and Leuenkephalin peptides was 0.2 and 
0.17 íM, respectively. In addition, the application of this technique to obtain the signal for the 
selected peptides in a mass spectrum in the presence of matrix interferences such as 1% 
Triton X-100 and 6.5 M urea has been showed. The application was extended to identify the 
peptides spiked into urine. 
 
四、計畫成果自評 
原計畫在三年左右的時間在國際期刊上發表至少 7 篇研究論文。自從 94 年 8 月 1 日本
計劃啟動以來，我們已經在 SCI 期刊上發表了 1 篇論文，另有 2 篇相關研究論文已向 SCI
期刊投稿，還有 2-3 篇論文已基本完成，正處於寫作修改階段。從這個角度而言，進展尚
稱順利。 
原計畫要用三年左右的時間研究: 1. 細長桿的彈性性質; 2. 計算非定型態半導體材料
的彈性系數，由此得出非中心力系統在臨界滲透區的軟模相變現象的基本圖像; 3. 研究
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